Abstract. A survey was conducted of 10 farms in the
Introduction
Automatic milking systems (AMS) are gaining popularity around the globe. The first commercial AMS installation occurred in the Netherlands in 1990 and today there are over one thousand farms using AMS technology in Europe. In Europe, the use of AMS is often accompanied by a moderate expansion of the number of cows milked on farms that are managed and operated by families.
The first commercial North American AMS installation occurred in 2000 and there are now about 50 AMS farms in operation or under construction in North America. The limits to farm expansion as well as the general economics of milk production are different in North America than in Europe.
A survey was conducted of farmers using AMS technology in North America to determine how AMS systems were being designed and managed in the North American setting. This survey was based on a similar survey performed on 120 farms in the Netherlands. Some survey questions were added, deleted or modified to reflect rules, regulations and management practices unique to North America. The survey form used for this study is attached in the appendix. Twenty-five farms were surveyed; 10 farms in the USA and 15 farms in Canada. Surveys were conducted in-person with the farm manager during visits to the farm. The results of this survey are presented below.
Farm Characteristics
Six of the farms surveyed had been using AMS for longer than two years, about ½ of the farms (52 %) using AMS for 1 to 2 years, and seven farms had been using AMS for 6 months to one year. Only farms that had been using AMS technology for 6 months or more were surveyed. Most farmers indicated that the switch to AMS required an adjustment period of a few months in order for themselves and the cows to grow accustomed to the new system. While automatic milking systems are intended to reduce the amount of physical labor required to run a dairy farm, many farmers informed us that the hours of work did not decrease significantly after implementation of the robotic milking system. However, they did report that their work schedule was much more flexible.
The average number of cows on all farms surveyed was 110, with 16% of farms milking less than fifty cows, 40% of farms between 51 and 100 cows and the remaining 44 percent of farms milking more than 100 cows. The farms included in our survey used an average of 1.9 milking boxes/farm (all systems surveyed had one robot arm per milking box). There was a great deal of variation in the number of cows/milking box, with a minimum of 25 cows/box, an average of 57 cows/box and a maximum of 70 cows/box. The farms reported an average 1.9 full time persons employed on their farms with an average of 57 milking cows per full time employee.
Barn Design
In accordance with the switch to an AMS, most farms chose to build completely new free stall barns while a few set up the robotic systems in existing free stall barns. Slightly more than ½ (56%) of the farms had a six-row barn, or as defined in the survey, three stall rows per robot or pen. About 1/3 of farms (32 %) had a four row barn (two rows of stalls per pen) and one farm had an eight row barn (four stall rows per pen). Four of the farms (16%) with two or more robots split their cows into different management groups by production level. Most farms surveyed indicated that they had not yet filled their barns to capacity (less than one cow/stall). Four farms (16%) reported that they overstocked their free stall barns by about 10%.
The most common type of bedding, used on 13 farms (52%), was a combination of mattress and wood shavings. Five farms (20%) used straw only, two farms (8%) used mattresses only, two farms (8%) used compost, and two farms (8%) used sand.
The most common form of manure handling was an auto scraper (17 farms or 67%). Five farms (20%) had a slatted floor, two farms (8%) removed manure with a tractor/bobcat and one farm (4%) had a flush system.
Cow Traffic
A number of combinations of free and forced cow traffic systems are being used on the farms surveyed. Most began by using forced cow traffic (one way gates between resting and feeding areas, forcing cows past robots). However, many farms switched to free cow traffic with a holding pen in front of the robot after the cows became accustomed to voluntary milking. At the time of the survey only four farms (16%) used totally forced cow traffic, while eight farms (30%) used a totally free traffic system with a holding pen in front of the milking box. The remaining farms used some combination of free and forced traffic systems. In comparison, more than 70% of farms surveyed in the Netherlands study used free cow traffic systems, with almost all of these farms using holding pens within the vicinity of the robot.
The AMS farms surveyed averaged 2.6 milkings/cow/day, with 36% of the farms below 2.5 milkings/cow/day, 44% between 2.5 and 3 milkings/cow/day and 20% with more than 3 milkings/cow/day. We found no correlation between average number of milkings/day, cow traffic system and months of experience with the AMS. Many farmers reported obtaining more milkings/cow/day when animals were fed a greater number of times/day. This increase in milkings per day could be attributed to the ability of feeding periods to stimulate cows to move through the milking box.
The stocking density of the AMS pen appeared to influence use rates. Pens with more than 60 cows/milking box averaged 2.4 milkings/cow/day while pens with less than 60 cows/milking box averaged 2.8 milkings/cow/day. In an attempt to reduce stress levels associated with calving and adjusting to the new robotic system, 24% of the farmers in this study put the heifers in the robot pen before calving.
AMS users reported that the traditional milking times (early a.m. and late p.m.) are still the busiest milking times, particularly for the older cows. Visiting times appeared to be more evenly spread throughout the day in AMS pens that milked only 1 st lactation cows. Early afternoon and nighttime were reported to have the lowest AMS use rates for all farms.
AMS Management
While most cows require little or no special care, some cows will require attention (inspection for mastitis detection, lameness or general health) on most days. About 1/3 of farmers (30%) walk through the barn to perform visual inspection of their cows less than three times/day, 42% report barn walks four times/day and 29% walk through more than four times/day. There was no association between the number of daily visual inspections and self-reported bulk tank somatic cell count or milk production level. Slightly less than ½ of the farms (42%) reported that they ensure that all cows are milked at least twice daily by escorting cows that have not attended the milking station voluntarily.
Results from this survey reveal that farmers use the attention lists generated by the computer management systems in a number of differing ways. The most common parameter used for putting cows on an attention list was deviation in daily milk yield (compared to a rolling average for individual cows), with 84% of farms using this parameter, 68% of once/day and 16% two or more times/day. The milking interval (time since last successful milking) was used by 73% of farms, with 40% of these checking milking interval once/day, 32% twice/day, and 20% more than twice/day. About ½ of the farms surveyed (47%) reported using milk conductivity as a parameter on their attention lists (for mastitis detection). Many farms reported that they were less likely to use milk conductivity on their attention list as they gained more experience with AMS. Some farms (28%) also reported using information from attention lists for assistance in breeding. Farms in the Netherlands and North America did not differ substantially in their uses of attention lists.
Most users said that the attention lists are helpful, but not the key to success. Good farm management technique and positive treatment and handling of the cows are the best ways to prevent mastitis and other animal health and productivity problems.
Feeding Strategies
Access to feed is a primary motivator of voluntary cow movement. All farms differed in the amount of concentrates fed in the robot and at the feed manager. All but 2 of the 25 farms surveyed used TMR feeding. TMR feeding is less common on AMS farms in the Netherlands than in North America. The average amount of forage in the TMR was 65%. However, eleven farms reported a forage percentage between 48% and 60% in the TMR.
The amount of concentrate fed in the robot is adjusted for the amount mixed in the TMR. One farm feed all of the concentrates in the robot; 72% of farms reported feeding less than 5 kg/cow/day of concentrate in the milking robot and 28% of farms more than 5 kg/cow/day. Most farms (88 %) reported using pelleted concentrates in the milking robot. We were unable to conclude from this study that type or amount of concentrate fed in the robot had any influence on reported average number of milking/cow/day.
Hygiene and Milk Quality
The average of self-reported bulk tank SCC decreased from an average of 230,000/ml to 186,000/ml after the switch from conventional milking systems to AMS. A decrease in bulk tank SCC was reported by 40% of farms, no change by 20% of farms, and an increase by 12% of farms (28% did not report on change in SCC). Half of the farms surveyed (52%) reported that they checked individual cow SCC once/month. About 40% of farms indicated that they were aware of the major types of mastitis pathogens appearing in their bulk tanks with coliform the most commonly reported, followed by staphylococcus aureus, and staphylococcus non-aureus.
More than half (56%) of the AMS users clean the free stalls twice/day. An additional 24% of farmers clean free stalls once/day, and 20% clean them more than 3 times/day. An association was found between number of stall cleanings and SCC levels, with more frequent cleaning of the free stalls leading to a reduced SCC level.
Most farms used an auto scraper to clean barn floors at least four times/day. Five of the farms (20%) had a slatted floor and did not clean the barn floor. The area around the milking robot was cleaned once/day on 24% of farms, twice/day on 56% of farms, and four or more times/day) on 28% of farms.
Most farmers singe or trim udder hair when needed, while 20% of farms use a planned schedule (averaging once/month). Many farms also singe udder hair just before or just after calving. Tail docking was practiced on 32% of farms. The remaining percentage follows the same grooming schedule for the cow's tail as they do for their udders.
Pre-cooling (passing milk through a plate cooler immediately after harvest) was used on 36% of AMS farms. The remaining percentage cooled milk in the bulk tank. No significant difference was observed between milk cooling methods and the self-reported bacterial quality of milk in this study. Separate milking facilities were maintained by 48% of farms for sick, infected, treated, and special needs cows. The vast majority of farms (23 farms or 92%) use both pre and post milking teat disinfectants.
Milk filters were changed once/day on eight farms (32%), twice/day on thirteen farms (52%), and three times /day on four farms (16%). Two farms reported changing the filter before a complete wash of the milk handling system and 4 farms reported changing filters after system cleaning. The remainder did not coordinate filter changes with cleaning. A significant association was found between increased frequency of filter change and reduced bacteria count of bulk tank milk.
Most farms reported flushing the cluster after each milking (89%), with 19% reporting rinsing the cluster after a treated cow, 18% after a specified idle time, 17% after a colostrum cow, 5% after a specified number of cows, and 6% after milking a cow with high SCC. In addition, most farms programmed a short rinse period to clean the milking equipment from cluster to milk jar. Most farms (92%) reported a programmed rinse after milking a cow treated with antibiotics and after milking a cow with colostrum milk (86%). A programmed rinse is also used by 68% of farms after a specified idle time, by 42% of farms after milking a specified number of cows (ten to twenty), and by 7% of farms after milking a cow with high SCC.
The average self reported SPC on the 10 US farms increased from 3000 cfu/ml before AMS to 5000 cfu/ml after the switch to AMS. The self-reported Bactoscan on the 15 Canadian farms averaged 17,900 before AMS and 16,300 after the switch. A decrease in Bactoscan was reported by 41% of Canadian farms and no change by 18% of farms (12% did not report on this change). AMS users did not consider milk quality to be a major problem. The general feeling was that while fluctuations in SCC, SPC or Bactosan do occur, these changes are similar to those that occur when switching to any new conventional system, such as a new milking parlor.
Milk Production
The average self-reported milk production on the 25 AMS farms surveyed was 9500 kg/cow/year (21,000 lb/cow/yr), which is 17 kg/cow/year more than the self reported milk production before switching to AMS. Increased milk production was reported by 36% of farms, no change by 22% of farms, and a decrease by 36% of farms. However, many farmers attribute a decrease in milk production to expansion efforts on the farm.
Service and Maintenance
AMS farms In Canada are required to have a service contract (15 of 15 Canadian farms surveyed), while only ½ of the US farms have a service contract (5 of 10 farms surveyed). Routine service is provided once a month or more on 68% of farms and every six weeks on 32% of farms with a service contract.
User intervention is required once every 2 to 4 weeks with the most common user interventions being replacement of hoses that have been kicked off by cows and cleaning of the teat location laser. Intervention by a dealer (beyond routine service) was required once/month on 24% of farms, once/ six-months on 20% of farms and once/year on 16% of farms.
Conversion to AMS
The survey asked each farmer to indicate his or her reason for buying a milking robot. Most farmers (84%) indicated that they bought the robot because it allowed for a more flexible work schedule. After implementation of the robot, more than half of the farmers reported more flexibility in their work schedule. The second most common reason for buying a robot was the expected reduction in cost of hired labor. More than 70% of AMS users reported a decrease in the cost of hired labor. Farmers expected the robot to bring about less work hours on the farm. These expectations were not entirely met, as farmers reported no decrease in work hours. Instead, the new system brought about a change in type of work load because the robotic system required the mastery of new managerial skills and tasks.
An expected increase in milk production/cow was given by 40% of farms as a primary reason for switching to a robotic system. However, at the time of the survey, not all farmers had experienced the increase in milk production that they expected. Other reasons for buying an AMS included reasons of personal health or hobby. Some farmers answered that they believed in robotic milking and that the intrigue of a new milking system inspired them to buy one.
About 70% of farms reported having to cull cows because they could not or would not adapt to the new milking system. The cows from the original herd reportedly culled for this reason averaged 4%. The percentage of cows culled appeared to be reduced after an initial introductory period. Most of these cows are culled (60%) because of an unsuitable udder configuration. Other reasons were restlessness in the milking stalls and failure to voluntarily enter the milking stall.
User Experience
All of the AMS users surveyed indicated that, overall, they were satisfied to very satisfied with their automated milking system. We asked farmers to indicate what had been the biggest problem they encountered when switching to AMS. Farmers indicated that problems arose most often in cold weather, when freezing water pipes and steam and condensation interfered with optical teat location as the cluster was rinsed. Fortunately, these problems were easily solved once they were discovered.
Another problem area was the behavior of older cows. Older cows that have been raised with traditional milking methods appeared to have more difficulty adapting to AMS. The older, lowproducing cows were noted as the most problematic. Early lactation and younger cows were reported to be much easier to work with. Some farmers indicated that it was difficult to switch to the new system when the size of the herd was greater than 60 cows/AMS. According to the survey, the ideal number of cows to start with was under 55/milking box to ease the labor requirements of training a larger group of cows all at once.
As would be expected, virtually every AMS user had advice concerning the use of AMS. Many stressed that adopting AMS technology changes not only the milking management, but also changes the entire farm management strategy. Other notable advice included:
• AMS users must be genuine herdsmen in order to make the system work.
• Farm management skills are the most important factor to consider when deciding whether or not to switch to AMS.
• When you are considering AMS, visit other farms and look at different systems in order to gather ideas about how to plan your system and manage it.
• It is much easier to manage cow traffic when implementing a robot in a new barn
• Some users believe that robot milking is not suitable for farms with more than 150 cows, because farms of this size will require hired labor whether they use AMS or not. In this situation it is easier to work with hired labor and a parlor.
• Many farmers said that patience is required when adapting to the new system. The first two weeks are generally very stressful. However, many farmers agree that things calm down and become easier to work with after this introductory period.
Conclusion
In conclusion, the overall experience of the farmers with the robot seems very positive. Most farmers indicate that the robot allows them more time for managerial tasks, and more importantly, more time for themselves. Farmers also reported that the primary advantage of AMS is the decrease in stress levels for the cows and the farmer. 
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